Larvae of the insect Galleria mellonella are increasingly being used for studying pathogenic 1 8
Materials and methods
Preparation of bacteria 6 6 The Staphylococcus aureus isolate XEN36 30 (Perkin Elmer) was grown overnight with 6 7 shaking at 200rpm in Tryptic Soy broth (Oxoid) at 37°C. Cells were washed twice in 6 8 phosphate buffered saline (PBS) (Sigma-Aldrich) and then resuspended in PBS to an optical 6 9 density at 600nm (OD 600 ) of 1, equivalent to approx. 5x10 9 CFU ml -1 . Resuspended cultures 7 0 were serially diluted and plated onto Tryptic Soy agar (Oxoid) to retrospectively determine 7 1 the bacterial counts used for injection. Inoculation doses were drawn into 1 ml ultra-fine (29 7 2 gauge) needle insulin syringes (BD, Wellington) for injection into the waxworms. Groups of 7 3 waxworms were injected with 20 µl of either approx. 5x10 7 CFU ml -1 , 5x10 8 CFU ml -1 or 7 4 5x10 9 CFU ml -1 S. aureus XEN36.
5
Selection, infection and monitoring of G. mellonella waxworms 7 6 5 th instar waxworms were selected based on consistency in size and split into eight groups of 7 7 12. Four groups were injected with either PBS or doses of 10 5 -10 7 CFU S. aureus XEN36 7 8 using the most common technique of grasping the waxworms between the operator's thumb 7 9
and index finger and injecting into the waxworm's last proleg. The remaining four groups 8 0 were injected with either PBS or doses of 10 5 -10 7 CFU S. aureus XEN36 using the newly 8 1 described restraining device (which we have dubbed the 'Galleria Grabber'), which 8 2 comprises a 12 cm x 9 cm kitchen sponge and a large bulldog clip (approx. 50 cm) ( Fig. 1A) .
3
To comfortably restrain the waxworms, the sponge was folded in half and secured using the ). Once the needle was in place the waxworm was released from the restraining device 8 9 ( Fig. 1F ). If the needle is correctly placed, the waxworm remains attached to the needle of the 9 0 syringe. Once the needle had been securely inserted into the waxworm, the insect was 9 1 removed from the restraining device and the plunger of the syringe pushed down to inject the 9 2 desired inoculum.
Once injected, waxworms were housed in individual wells of 24 well tissue culture dishes 9 4 (Nunc) with the lids taped down to ensure against escape. These dishes were placed inside a 9 5 secondary container to ensure containment. Waxworm mortality was monitored over 5 days. Results and discussion 9 8 We observed no differences in the infection dynamics between the groups of waxworms 9 9 injected with S. aureus XEN36 after restraint using the novel 'Galleria Grabber' device 1 0 0 described compared to restraint by holding the waxworms between the operator's thumb and 1 0 1 index finger. For both restraint techniques, we observed no mortality from the waxworms 1 0 2 injected with PBS (Fig. 2) . In contrast, the majority of waxworms injected with approx. 10 7 1 0 3 CFU S. aureus XEN36 died within 24 hours (Fig. 2) . We observed a dose dependent 1 0 4 mortality for waxworms injected with S. aureus XEN36, with 66% of waxworms injected 1 0 5 with approx. 10 6 CFU succumbing to infection (Fig. 2) . No mortality was seen after injection 1 0 6 with 10 5 CFU S. aureus XEN36 (Fig. 2) . The 'Galleria Grabber' allows for easy injection of a large number of waxworms (approx. 3 can be injected. With this new restraint method we were also able to inject smaller waxworms 1 1 4 with ease. Most importantly, the new methodology described removes the operator's hand 1 1 5 from the vicinity of needles loaded with pathogenic/drug-resistant microbes, allowing for 1 1 6 maximum mobility and safety of the operator without compromising the speed of the assay. This work was supported by internal University of Auckland funds. The authors report no conflicts of interest. Virulence 2016: 1-15. 
